Faculty (see Siegel's lecture (1964) on this period at Frankfurt). Mahler was an unusual freshman. In his first semester, he speaks of attending lectures on calculus by Siegel, topology by Dehn, elliptic functions by Hellinger, a seminar on cyclotomy (in which he gave several lectures) and a seminar on the history of mathematics. Mahler was clearly greatly influenced during this period by Siegel, who was the only person whom he recognized as his teacher in mathematical research. In the summer of 1925, when Siegel left for a period of leave overseas, Mahler moved to Gottingen, where he remained until 1933. Gottingen was then still the world's leading mathematical centre, but was going through a period of change because the great era of Hilbert and Klein was almost at an end. I^andan seems to have been kind to Mahler, but took little active interest in his work. From Emmy Noether's lectures, he learnt of p-adic numbers, whose study grew to be one of the main themes of his mathematical research. (A few years later, Mahler proudly reports lecturing on his own work on p-adic numbers at Marburg to Hensel.) Perhaps most importantly, in Gottingen Mahler met a galaxy of young mathematicians from Europe and the United States, many of whom became leading figures in later years. These included Alexandroff, Hopf, Koksma, Mordell, Popken, vander Waerden, Weil and Wiener. In 1927, Mahler submitted his doctoral dissertation, on the zeros of the incomplete gamma function, to Frankfurt (he reports that Ostrowski was not very impressed with the dissertation, and advised him 'to do less easy mathematics').
For most of his time at Gottingen, Mahler was wholly supported in his studies by his parents and other members of the Jewish community in Krefeld. However, shortly before he was 30, he was awarded a two-year research fellowship by the 'Notgemeinschaft der Deutschen Wissenschaft', and records that he was even able to save some of the stipend. In the Gottingen years, all the main themes of his later research, with the exception of the geometry of n u m b ers, appeared in his papers (which are the first 2 0 or so papers in his list of publications). Mahler invented a new transcendence method, he discovered his celebrated classification of transcendental numbers, extended the ideas of Hermite's original work in his studies of the approximation properties of e, pioneered diophantine approximation in p-adic fields, and applied his results on p-adic diophantine approximation to prove his well known generalization of Siegel's theorem on integer points on curves of genus 1. Mahler undoubtedly realized that his method could be extended to curves of genus greater than 1, but it was typical of b is outlook that he did not have the patience to work through his generalization of Siegel's method. Mahler mentions that his idea of extending the Thue-Siegel theorem top-adic algebraic numbers came to him on a small island in the North Sea during the Whitsun holidays of 1930, when bad weather had forced him to stay inside! Mahler had been appointed to his first post, an assistantship in the university of Konigsberg, but baH not yet taken it up, when Hitler came to power in 1933. He seems to have realized immediately that he must leave Germany. In the summer of 1933, Mahler spent six weeks in Amsterdam with van der Corput and with his two pupils Koksma and Popken, whom Mahler had met in Gottingen; they were to remain his lifelong friends. Mahler moved to Manchester for the academic year 1933-34, where Mordell had secured him a small research fellowship, called theBishop Harvey Goodwin Fellowship. Mahler often spoke in lateryears of Mordell's kindness to him on this and many subsequent occasions, including in helping him to learn English. It seems that the first English lesson Mahler had in Manchester consisted of being put in front of a blackboard immediately on his arrival and being told to give a seminar! The next two academic years were spent in Groningen in the Netherlands, supported by a stipend obtained by van der Corput horn a Dutch Jewish group. Here a new theme, the geometry of numbers, began to emerge in Mahler's work. In 1936, he was run into by a bicycle in Groningen, and this accident reactivated the tuberculosis in his right knee. He was unable to walk for some time, and had to return to Krefeld, where he had several operations, culminating in the removal of the kneecap. These operations, together with two three-month periods in a sanatorium at Montana, Valis, Switzerland, during the summers of 1937 and 1938, finally cured the tuberculosis, but he was left with a permanent limp. Mahler speaks of having to take morphine to lessen the pain after his last operation, and being relieved to find that he could still do mathematical research when he proved that the decimal expansion 0.123...9101112... is a transcendental number. (In later years, Mahler often stated the view that 20th century mathematicians had greatly neglected the study of the arithmetic properties of decimal expansions.) Needless to say, there were other difficulties during these years, which Mahler rarely talked about and certainly did not record in his own written memories. In one incident (which one of us learnt of from Popken, and which Mahler subsequently confirmed in conversation) Mahler was refused entry at the Dutch border, and was about to be sent back to Nazi Germany. Fortunately, Koksma had a colleague at the Free University of Amsterdam, G.H.A. Grosheide, who was related to a senior member of the Dutch government. An urgent intercession was made on Mahler's behalf via this channel, and he was finally allowed to enter the Netherlands.
In 1937, Mahler returned to Manchester. He thoroughly enjoyed the lively intellectual atmosphere in number theory which Mordell had fostered in the Department. While his own research flourished, the practical side of life could not always have been easy for him. In the period 1937-41, he had two short appointments as a temporary assistant lecturer, and a little support from fellowship stipends, but for over two of these years he lived on his own savings. In 1939, he had planned to take up an appointment at the University of Szechuan in China, where his friend Chao Ko was teaching, but he was forced to abandon the idea because of the outbreak of war. However, Mahler had begun to learn Chinese and that study was to remain an important interest and hobby. In 1940, he was interned for three months as an 'enemy alien', first in a tent city near the Welsh border, and then in boarding houses on the Isle of Man. Here he lectured to the other internees on the construction of the real numbers by means of Cauchy sequences of rational numbers, as part of a university set up in the internment camp. Mahler records that he later found the same material very suitable for the beginning of first year honours courses in analysis at Manchester. While interned, he was awarded a Sc.D. degree by the University of Manchester.
In 1941, Mahler was appointed to the Assistant Lectureship at Manchester, which Davenport had vacated when he moved to take a chair at Bangor. In the next few years, Mahler developed a geometry of numbers of general sets in n-dimensional space, including his celebrated compactness theorem. His future was now assured. He was promoted to Lecturer (1944 ), Senior Lecturer (1947 ), Reader (1949 , and in 1952 the first personal chair in die history of the University was created for him. He became a British subject in 1946 and was elected a Fellow of the Royal Society in 1948. He made his first visit to the United States in 1949, spending most of the time at the Institute for Advanced Study in Princeton. At Christmas 1949, he contracted diphtheria, and had another severe bout of illness for three months, but recovered in time to spend the summer lecturing in Colorado, and part in the International Congress of Mathematicians at Harvard University.
At Manchester, he lived from 1938 until 1958 at Donner house, a hostel where some 25-30 single staff lived in bedsitting rooms and dined communally. When the hostel was pulled down to make way for more extensive student dormitories, Mahler bought a small house in suburban Manchester, and lived there until his departure for Canberra. However, in later life, he complained that he found the burden of looking after his own house rather onerous, and one senses that the fact that he could live at University House (a collegiate institution for postgraduate students and research workers in the Institute of Advanced Studies of the Australian National University) was one of the factors which made him decide to move to Canberra in 1963. Of course, there were many other reasons for this move. Most of the mathematicians he had known at Manchester had moved on to positions around the world, and he was clearly feeling a little isolated there.
In the early 1960s, B.H. Neumann, a colleague of Mahler at Manchester, had been invited to set up a new Department of Mathematics in the purely research side of the Australian National University (the Institute of Advanced Studies). Mahler was one of the first of many visitors whom Bernhard Neumann quickly invited. There is no doubt that Mahler immediately liked the warm and stimulating atmosphere in the new Department, as well as the beautiful climate of Canberra, and the delightful setting of the ANU campus on the edge of what was then a large country town. Mahler himself says he was very happy to accept the offer of a research professorship, which he took up in September 1963. The position gave him great freedom to travel and to pursue his own research, both of which he did with energy and enthusiasm.
However, Mahler was also very concerned with sowing the seeds of his own mathematical knowledge in this new country. As in his own mathematical research, he instinctively felt that the best way to do this was to go back to first principles, and to begin by teaching beginners in the subject. The ANU had only begun to award undergraduate degrees several years before Mahler arrived, and Hannah Neumann was appointed to head the new Department of Mathematics in the teaching side of the University (the School of General Studies) about the same time that Mahler took up his chair. Bernhard and Hannah, between them, arranged for Mahler to give two courses to the small number of undergraduates reading mathematics, one in 1963 on elementary number theory, and the second in 1964 on the elliptic modular functionj(z). One of us had the good fortune to attend these courses. Mahler started and finished each lecture with extraordinary punctuality; in between, the audience were given a rare insight into his understanding of and enthusiasm for the material of the lecture. As he spoke, he would produce a beautiful written exposition on the blackboard of the key points, which were neatly placed in order in his characteristic rectangular boxes. Although he seemed at first so different and forbidding, we soon discovered that he was very willing to talk about his knowledge of mathematics in general, and to lend us his own mathematical books when we could not find them in the library. Mahler gave lectures at various summer schools in Canberra and elsewhere around Australia, as well as a number of advanced courses on transcendental number theory in the Institute of Advanced Studies. In the end the fascination of what he was doing beguiled us both into research in number theory, and we made our first steps in mathematical research on problems suggested by him.
In 1968, Mahler reached the statutory retiring age for professors, and was forced to retire from the A.N.U. He then moved to a chair at the Ohio State University in Columbus, Ohio, where the chairman was an old friend, Arnold Ross (whose summer schools for gifted high school students have attracted many young people into mathematical research in Australia, the U.S.A. and Germany). In 1972, Mahler returned to Canberra for his 'final retirement', living once more in University House. But his mathematical activity never abated, as is shown by the publication of some 40 papers from 1972 until his death. He left the bulk of his estate to the Australian Mathematical Society, which has already used part of it to establish a Lectureship in his memory.
Kurt Mahler never married. Indeed, he affirms in notes left with the Royal Society that on his part that was a deliberate decision made on grounds of his poor health. In the event, he outlived his contemporaries. That was of course a source of sadness for him, but also one of wry pride.
Mahler was an excellent photographer; many of his pictures adorn University House at the A.N.U. where he lived for more than 20 years. He remained fascinated by Chinese and was exceptionally proud of having written the paper (96). His non-mathemadcal reading comprised mostly science fiction and history. Concerning his life's work he also happened to write, in that letter: 'When my old papers first appeared, they produced little interest in the mathematical world, and it was only in recent times that they have been rediscovered and found useful. . . ' That grossly underrates the impact of his work in the past, but correctly notices the richness of even his minor remarks.
M a t h e m a t ic a l w o r k
There are a number of interlinked themes that run through Mahler's work. The primary one, and in any case the one on which we are best able to comment, and therefore will concentrate, is diophantine approximation and transcendence theory.
We recall Mahler saying disappointedly that he had never proved a 'major result', that his main contribution had been to prove mere lemmas. 
Mahler' s method
Of course Mahler introduced entire new subjects: Chronologically, the first is 'Mahler's method', so named by Loxton and van der Poorten (1977) When co is a quadratic irrational die periodicity of the continued fraction expansion allows one to compact the chain of functional equations to a single functional equation, yielding the celebrated result that £ [ ta K z* ■ is transcendental for all quadratic irrational a and algebraic z satisfying 0 < < 1. More generally, following suggestions of Mahler, Loxton and van der Poorten (1977a) eventually showed that viewed as a function of © the function Fco(V^), for example, is rational foi rational © and transcendental for all irrational ©.
In an unexpected tour de f o r c e , Masser (1982) provided a major breakth several variable theory by applying Chabauty's method to complete the work initiated by Mahler in (7). Further related papers of Mahler include (195, 199, 204) . Mahler dearly wished to confirm a connection of this work with his work on modular functions, c.f. (182, 188); see also (201, 208) . Values of Mahler functions have yielded examples of numbers with interesting transcendence type.
Mahler's method took on a new significance when Mendes France and his co-workers (1980) observed that some of Mahler's examples arose in their study of finite automata. This connection between finite automata and functional equations was known some years earlier to Cobham (1968) , but was apparently never published. The survey 'Folds!' shows the ubiquity of the notions of finite automaton and automatic sequence. The transcendence of the values of Mahler functions reappears in Loxton and van der Poorten (1988) as a theorem that the sequence of digits of the decimal representation of an irrational algebraic number never form an automatic sequence. Finite automata do relate to the mathematical mainstream: the (good) reductions of diagonals of rational functions in several variablesthis includes all power series representing algebraic functions -have a natural reinterpretation as Mahler functions; see the survey of Lipshitz and van der Poorten. Amusingly, it seems clear that Mahler's interest in 'Mahler functions' arose from the example he found in (1) to comment on Wiener's work, and thus had its genesis in the context of automata.
Mahler' s classification
In his paper (11,13) Mahler introduces his celebrated classification of real and complex numbers into A -the algebraic numbers, and S, T and U numbers; the point being that transcendental numbers in two different classes are algebraically independent. He had already shown in (9) that e is algebraically independent of the Liouville numbers. The existence of T numbers was first shown by Schmidt (1968) . Mahler showed (12) that almost all real and almost all complex numbers are S numbers and conjectured that in the subclassification the parameter almost always has the one value; this was proved by Sprindzuk (1965) . A different but closely related classification is given by Koksma (1939) . In (27) Mahler gives the p-adic analogue of his classification.
Perfect systems
In order to apply his classification, Mahler provides some sharp transcendence measures (11,13). (The textbook from which one of us taught himself transcendence theory, that of LeVeque, has a chapter which is essentially a translation of (11)). Mahler achieves that by returning to and generalizing the formulae that allowed Hermite to prove the transcendence of e and n and in effect gives a very explicit example applying the transcendence method developed by Siegel. The Pad6 approximations of (10) foreshadow present important work on effective approximation of algebraic numbers.
The underlying principle (168) 
Geometry o f numbers
The term 'Geometry of Numbers' was first used by Minkowski to describe arguments based on considerations of packing and covering. In simple situations this leads to striking proofs but it required Mahler's compactness theorem of 1946 to systematize and simplify the intuitive considerations of the subject. The theorem states that the set of lattices in n-dimensional space satisfying some clearly necessary conditions is compact with respect to a natural topology. Mahler explores the consequences of his compactness theorem in (82, 83, 84, 87, 88) . The geometry of numbers of some nonconvex bodies had already been considered by Davenport, Mordell and others but Mahler gives a systematic general theory, especially for star bodies. In particular Mahler makes a special study of the consequences of the existence of an infinite group of automorphisms of a star body. A recent important result in which Mahler's compactness theorem plays an essential role is that of Margulis (1987) . Chabauty (1950) provides a treatment of Mahler's compactness theorem which is independent of successive minima and which generalizes to certain algebraic groups; see also Mumford (1971) .
In (79) Mahler proved, independently and almost simultaneously with Hlawka, a form of the Minkowski-Hlawka theorem. In (126, 127, 128, 129) Mahler introduces the notion of the p-th compound of a convex body. Any choice of p points from the body determines a point of the appropriate grassmannian. The p-th compound is the convex closure. At first this was considered a useless, if interesting, abstraction. It turned out to be a vital tool in die generalization by Schmidt (1970) of Roth's theorem. The special case of polar convex bodies (57) serves for the case n = 3 of Schmidt's theorem and is his study of indefinite quadratic forms; see also Schmidt (1977) .
Mahler's work (44, 53, 56) and particularly (57) on Khintchine's transference theorems systematizes the observed relationships and shows their natural setting to be convex bodies, their distance functions and their duals.
Minkowski developed his theory of the reduction of definite quadratic forms in the context of the geometry of numbers. It seems likely that (55) led Mahler to his work on transference theorems and also to his compactness theorem. Minkowski had shown that given a reduced quadratic form DayXjKj in n variables and of determinant D there is a constant A" depending only on n such that A^n ... an n < D. Bieberbach and Schur (1928) estimate; it was improved by Remak (1938) in a difficult paper. In (55) Mahler gives an estimate which applies to all convex distance-functions. The best possible value of A3 already appears in Gauss. In (70) Mahler gives an alternative derivation and in (92) he obtains the best possible A4. The discussion by van der Waerden (1956) shows in particular that Remak's estimate for An can be obtained by a modification of Mahler's argument.
For more on the matters of this section see the books Cassels (1959) , Rogers (1964) and Gruber and Lekkerkerker (1987) .
Polynomials
Several of Mahler's papers (for example 143, 144, 148, 150, 153, 154, 156) 
p-adic numbers and p-adic diophantine approximation
The p-adic numbers had been introduced by Hensel at the beginning of the century and Hasse had made vital use of them in his study of quadratic forms in the early twenties. This has become part of the general mathematical culture and plays a fundamental role in the theory of p-adic L-functions and Iwasawa theory; as an example see Iwasawa (1972) . is a binary form of degree n > 3 defined over z and irreducible in diophantine equation f(X, Y) = m, m some given integer, has only finitely many solutions (X, Y)ez 2. This is essentially because a solution entails that some factor -afis small:
and that is impossible for infinitely many Y by Thue's theorem on the approximation of algebraic numbers by rationals.
Mahler's p-adic generalization (in fact of Siegel's sharpening of Thue's result) allows one to replace the given m by an integer composed from the primes of some given finite set S ; alternatively X, Y may be 5-integers: they are allowed denominators whose factors come from 5. This entails results on the greatest prime factor of integers represented by binary forms (17, 20); or that there are only finitely many 5-integral points on a curve of genus 1 (21) . One refers to the generalized equation as the Thue-Mahler equation. Indeed, generally, the suffix '-Mahler' signals the generalization of a diophantine problem to one in 5-integers. In the present spirit, Mahler and Lewis (147) provide bounds for the number of solutions (X, Y) e z 2 of f(X, Y) = m as mv aries in terms of the numb problem has been studied more recently by Bombieri and Schmidt (1987) .
In an interesting application, Mahler (135) employs a 2-adic argument to obtain a lower bound for the fractional part of (3/2)* -a result settling the value of g(k) in Waring's problem. However, Mahler's solution is ineffective in More recent effective arguments, using p-adic versions of Baker's inequalities, are too weak to apply to Waring's problem.
Mahler initiated the now burgeoning study of transcendence properties of p-adic analytic functions with his paper (14) on the p-adic exponential function and his proof (30) of the p-adic analogue of the Gelfond-Schneider theorem on the transcendence of cc[3 for algebraic oc * 0,1 and irrational algebraic p.
In 1933 Skolem deduced results about the number of solutions of certain diophantine problems from a new kind of series expansion. Mahler concluded that in essence the method was p-adic and applied similar techniques to prove the beautiful result (25,31) that the zero Taylor coefficients of a rational function defined over an algebraic number field occur periodically (from some point on). Eventually Lech and independently Mahler (131, 131a) generalized the result to arbitrary fields of definition of characteristic zero. Cassels (1976) gives an elegant simplified treatment. For results placing the Lech-Mahler theorem in context see van der Poorten's survey (1989) .
In (139, 145) Mahler proves a criterion for a function defined on the positive integers to have an interpolation continuing it to a continuous function on the p-adic integers. This result is basic for the modem theory of p-adic L-functions. Mahler's book (an extended second edition of 184) studies the elementary analysis of p-adic functions defined in this way.
The paper (17) includes a proof that if 5o, 5|, S2 are disjoint non-empty finite sets of rational primes then an equation Mahler regarded p-adic numbers as a special case of g-adic numbers defined by a pseudo-valuation (34, 37, 38, 39) . Here g is any positive integer and, it turns out, the g-adic completion is the product of the p-adic completions over the primes p dividing g.
Decimal expansions
Mahler regretted that, apart from his own work, litde interest had been shown by 20th century mathematicians in the study of arithmetic properties of decimal expansions. Reaction to his papers (191, 203, 207 ) is beginning to repair that neglect. It appears that Mahler was the first to conjecture that an irrational algebraic number has a normal decimal expansion. Other than for experimental support little is as yet known on this apart from the result of Loxton and van der Poorten op. cit. to the effect that such expansions are at any rate not generated by a finite automaton.
Unexpectedly, perhaps, Mahler's p-adic generalization of the Thue-Siegel theorem allowed
Yam to prove the following amusing but striking result (46): Suppose / is non-constant polynomial taking integer values at the non negative integers. Then the concatenated decimal 0 = 0 ./(l)/(2 )/(3 )... is transcendental. In particular Champerknowne's normal number 0.123...910111213... is transcendental. Mahler's argument relies on the observation that one readily obtains rational approximations to 0 with denominators high powers of the base 10, thus composed of the primps 2 and 5 alone. Perhaps disappointingly, Roth's definitive form of the Thue-Siegel inequalities permits a more immediate argument obviating the need for an appeal to the p-adic results.
In his 'post-retirement' years Mahler made extensive use of his Texas Instruments calculator to study digital patterns (218, 221). His desk was covered with detailed such calculations at the time of his death.
